
United States Patent [191 
Masunaga et al. 

[11] 4,135,815 
[45] Jan. 23, 1979 

[54] RANGE FINDING DEVICE 

[75] Inventors: Makoto Masunaga, Tokyo; Kazuya 
Hosoe, Machida; Tokuichi 
Tsunekawa; Shuichi Tamura, both of 
Yokohama; Hideo Yokota, Tokyo, 

S 3,4 LENS -—- - _e 
' - 1 3° 

:8‘ SIGNAL 

Primary Examiner-S. C. Buczinski 
Attorney. Agent, or Firm—Fitzpatrick, Cella, Harper & 
Scinto 

[57] ABSTRACT 
A range ?nding device of a construction, in which, at 
the time of receiving ?rst and second images of an ob 
ject to be formed by a range ?nding optical system with 
a relative positional parallax corresponding to the ob 
ject distance into ?rst and second photoelectric light 
receiving elements, respectively, these images are 
shifted on the light receiving surfaces of the respective 
?rst and second light receiving elements by a vibrating 
optical device at a same cycle and same phase to 
thereby scan these ?rst and second images by the ?rst 
and second light receiving elements; image scanning 
signals on the ?rst and second images to be obtained at 
this time are converted into digital values; thereafter, 
these values are stored in the ?rst and second storing 
devices where the coincidence and non-coincidence of 
these digitalized image scanning signals are detected by 
means of a coincidence detecting device, while one of 
these image scanning signals are relatively shifted bit by 
bit with respect to other image scanning signals; and the 
shift bit quantitites required until the image scanning 
signals of the same bit numbers of these ?rst and second 
images may become optimumly coincided, thereby 
?nding out the object distance from the shift bit quanti 
ties at the time. 
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RANGE FINDING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a range ?nding device, and, 

more particularly, it is concerned with the range ?nding 
device of a type such that a distance to an object is 
measured by detecting electrically a relative quantity of 
discrepancy in space between two images in utilization 
of the distance measurement principle in a base line 
double-image coincidence type distance measurement 
meter. More speci?cally, the invention relates to a 
range ?nding device of a type, in which image scanning 
signals on the two images are obtained by scanning the 
abovementioned two images, based on which signals a 
relative quantity of spatial discrepancy between the two 
images may be detected. 

2. Description of the Prior Art 
There have so far been proposed various types of 

electric double-image coincidence detection type range 
?nding devices as outlined in the preceding, or auto 
matic focus adjusting devices for photographic cam 
eras, etc. using such range ?nding devices. More speci? 
cally, this range ?nding device is of such type that two 
images of an object to be formed by a range ?nding 
optical system with a relative positional parallax corre 
sponding to the object distance are received by photo 
electric light receiving means, and quantities of relative 
positional parallax in these two images are found from 
outputs of the light receiving means obtained at this 
time, thereby calculating a distance to the object for the 
range ?nding. 
For example, according to Japanese Patent Publica 

tion No. 48-5733 (published Feb. 20, 1973, for the inven 
tion of “An Automatic Focus Adjusting Device in a 
Camera” in the name of Canon Kabushiki Kaisha), 
there is proposed a range ?nding device in the form of 
an automatic focus adjusting device, wherein a pair of 
photo-conductive elements which are so constructed 
that their resistance values may vary in accordance with 
positional changes in an image on the light receiving 
surfaces thereof are juxtaposed, and then images of the 
same object are formed on these elements by means of a 
range ?nding optical system comprising a pair of focus 
sing lenses ?xedly disposed at a certain length on the 
base line so that a distance to the object may be detected 
by finding a difference in the resistance values between 
these two elements by utilizing the principle that a rela 
tive quantity of discrepancy in the image forming posi 
tion on each element corresponds to a distance to the 
object. 

In this disclosed device, however, the photo-conduc~ 
tive element per se is of a very peculiar structure, on 
account of which there inevitably take place various 
inconveniences in using a pair of these elements such 
that coincidence of the response characteristics in both 
elements in an ideal state becomes highly difficult, as 
the result of which precision in the detection becomes 
deteriorated due to increase in error signals, and false 
determination in distance will arise in the range ?nding 
due to coincidence of the resistance values in both ele 
ments in spite of a discrepancy in the relative positions 
of the images on both elements. 
With a view to solving such problem, there has been 

proposed a range ?nding device, or an automatic focus 
adjusting device, in which image scanning signals on 
the two images are obtained by scanning them in utiliza 
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tion of a photo-electric light receiving means, and then 
by ?nding a quantity of relative positional parallax in 
these two images from the two images scanning signals, 
the object distance is calculated, or the focus adjust 
ment of the objective lens system in a camera with 
respect to the object is automatically attained by utiliz 
ing informations concerning a relative positional paral 
lax in these two images. 
For example, U.S. Pat. No. 3,898,676 (?led Dec. 20, 

1975, granted to Hosoe et al. for an invention entitled 
“Distance Detecting Device” assigned to Canon Kabu 
shiki Kaisha) teaches an automatic focus adjusting de 
vice of a construction, wherein arrays of photo-sensors 
are used as the photo-electric light receiving means for 
receiving the two images, and, by driving these photo 
sensor arrays simultaneously, a photo-electric output of 
each photo-sensor in the arrays is obtained in a timed 
sequence to thereby scan the two images simultaneously 
in a purely electrical manner, and image scanning sig 
nals to be obtained on these two images at this time are 
converted to wave form signals through low pass ?lters, 
after which these wave form signals are introduced into 
a phase discriminator to detect a phase difference be 
tween these image scanning signals, and a servo-motor 
is actuated by an output from the phase discriminator to 
cause the objective lens system to shift along its optical 
axis, in association with which one of the two images is 
shifted with respect to the other, whereby “in-focus 
position” of the objective lens system to the object is 
determined with a point where the phase difference 
between the image scanning signals for the two images 
becomes zero, in other words, a point where the relative 
positional parallax of the two images become zero. 

Also, according to Laid-Open Japanese Patent Appli 
cation No. 51-45556 (Laid-open on Apr. 19, 1976 for the 
invention of “Method and Apparatus for Distance De 
tection”), there is proposed a method and an apparatus 
for detecting distance of an object, which is constructed 
in such a manner that self-scanning image sensors (a 
kind of photo-sensor array) are utilized as the photo 
electric light receiving means for receiving two images, 
that the two images are repeatedly scanned by these 
image sensors, at which time coincidence and non-coin 
cidence of the image scanning signals on the two images 
to be obtained from the image sensors are detected by 
means of a coincidence'detection circuit, while a timing 
for commencing scanning of one of the image sensors is 
varied by a variable delay circuit against a timing for 
commencing the scanning of the other image sensor, 
and that the relative positional parallax quantities of the 
two images, i.e., the object distance is made known 
directly from a lagged quantity between the timings for 
starting the scanning operations by the two image sen 
sors which has been found upon detection of the coinci 
dence of the abovementioned image scanning signals by 
the abovementioned coincidence detection circuit. 

In the devices and methods as disclosed in these U.S. 
Pat. No. 3,898,676 and Laid-Open Japanese Patent Ap 
plication No. 51-45556 there are used, as the photo-elec 
tric light receiving means, photo-sensor arrays or image 
sensors known as, in particular, Photo-Diode Array, 
CCD (Charge Coupled Device), BBD (Bucket Brigade 
Device), and so forth in order to obtain an image scan 
ning signal relative to the two images by scanning the 
two images of the object to be formed by the range 
?nding optical system. Although these photo-sensor 
arrays or image sensors have become widely available 
at a relatively cheap price thanks to recent development 
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in the semiconductor technology, they are still at an 
expensive level in the overall manufacturing cost, so 
that the devices incorporating these photo-sensor arrays 
or image sensors are not yet free from the practical 
disadvantage of high price. In these devices, if there 
exists non-uniformity in the characteristic properties of 
the multitude of the photo-sensors in the photo-sensor 
arrays or image sensors to be used, such non-uniformity 
constitutes the direct and primary cause for decreasing 
precision in the range ?nding operation. Each and 
every photo-sensor in the photo-sensor arrays or image 
sensors should have a uniform and high quality charac 
teristic, which would, however, lead to a further in 
crease in the price of the apparatus. 

In contrast, as taught in U.S. Pat. No. 3,553,455 (?led 
Feb. 26, 1969, granted to Ohtake et al. for the invention 
entitled “Automatic Focusing Apparatus by Means of 
Phase Discrimination”), if the two images are scanned 
by the use of a mechanical vibrating slit, it is only suffi 
cient that a single photo-electric element is made to 
correspond to each image with the consequence that 
the inconvenience following the use of the photo-sensor 
arrays or image sensors as described above can be elimi 
nated. Any way, these devices as heretofore been pro 
posed are of such type that any phase difference in the 
image scanning signals relative to the two images is 
detected simply by the phase discriminator upon obtain 
ing of the image scanning signals, so that these devices 
are considerably devoid of ?delity in range ?nding 
precision, hence the focus adjusting operations inevita 
bly become inaccurate, even when they are adopted as 
the automatic focus adjusting device in photographic 
cameras, and also, from the standpoint of the construc 
tion of the signal processing circuit, there arise various 
practical inconveniences. For example, in the device 
proposed in the above-described U.S. Pat. No. 
3,898,676, as already mentioned above, the image scan 
ning signals are converted to the waveform signals by 
causing them to pass through low pass ?lters, after 
which the waveform signals are introduced into the 
phase discriminator, where detection is conducted to 
?nd whether any phase difference has occurred be 
tween the two signals. In this case, since the phase dis 
criminator deals with the waveform signals, in particu 
lar, the overall construction of the device becomes 
complicated, and, since its reliability is lacking, it is not, 
possible to accurately detect the phase difference when 
the phase difference is extremely small, on account of 
which the operation of the phase discriminator as the 
automatic focusing device is unavoidably inaccurate. 
Similarly, in the device as proposed in U.S. Pat. No. 
3,553,455, too, the image scanning signals to be obtained 
from the abovementioned photo-electric elements are 
converted to rectangular waveform signals by amplify 
ing them to a saturation level by means of amplifying 
circuits, and then, by processing the rectangular wave 
form signals on the basis of a reference signal associated 
with vibration of the abovementioned vibrating slit by 
means of a phase discriminating circuit consisting of a 
combination of differential circuits, “AND” gates, and 
“NAND” gates, a signal corresponding to the phase 
advance or phase delay is obtained. In this device, how 
ever, as the differential circuit is particularly used in the 
construction of the phase discriminating circuit, the 
precision in the phase discrimination cannot be satisfac 
torily guaranteed, so far as accurate “rectangular” 
waveform signals exactly corresponding to the patterns 
of the two images are not obtained by the abovemen 
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4 
tioned amplifying circuit. As the result, in the light of 
the fact that such accurate “rectangular” waveform 
signals are practically very difficult to obtain, the phase 
discriminator is lacking its reliability in the precision of 
its phase discrimination, and, in particular, from the 
standpoint of the problems such as noise signals, etc. 
which occur unavoidably at the time of converting the 
image scanning signals on the two images to the “rect 
angular” waveform signals. Incidentally, in the device 
as taught in this U.S. Pat. No. 3,553,455, the signals 
corresponding to the advance phase or the delay phase 
to be produced as the outputs from this phase discrimi 
nating circuit are used, as they are, as the signals for the 
forward and reverse rotations of ' the servo motor to 
thereby cause one of the two images to shift with re 
spect to the other by this servo motor until the phase 
discrepancy can be eliminated. At this time, by axially 
shifting the objective optical system in association with 
the image shifting, the automatic focus adjustment in 
the objective lens system can be attained. According to 
this phase discriminating circuit construction adopted in 
this prior art patent, the relative positional parallax of 
the two images is eliminated, and both forward rotation 
signal and reverse rotation signal are simultaneously 
imparted to the servo-motor upon elimination of the 
phase discrepancy between the image scanning signals 
with the consequence that there takes place such incon 
venience that the adjustment in the objective lens sys 
tem becomes uncertain due to the so-called “hunting” 
phenomenon which occurs in the vicinity of the “in 
focus position” of the objective lens system. 

Incidentally, in the device as proposed in the above 
discussed Laid-Open Japanese Patent Application No. 
51-45556, there is merely adopted a differential ampli 
?er or a combination of the differential ampli?er and a 
comparator as the circuit for detecting coincidence and 
non-coincidence of the two image scanning signals. 
Considering, however, that the signals which the circuit 
deals with are time sequential signals to be produced, as 
an output, from the image sensors, it is almost impossi 
ble to carry out detection of the coincidence and non 
coincidence of the image scanning signals with such 
simple circuit construction. Accordingly, it is not at all 
possible to expect such distance detection of high preci 
S1011. 

To add more, in the device as proposed in the above 
discussed U.S. Pat. No. 3,553,455, since the two images 
are scanned by utilizing the vibrating slits, it has a de? 
nite advantage in that the light receiving means as re 
quired can only be a pair of photo-electric elements. 
However, as has been well recognized in the ?eld of 
optical technology in general, when the slit is used, an 
effect due to its diffracted light becomes a large prob 
lem, so that, with this proposed device, there exists such 
inconvenience that deterioration in the range ?nding 
precision cannot be avoided owing to possible mixing of 
noise signals in the output signals in each photo-electric 
element caused by this diffracted light. 

SUMMARY OF THE INVENTION 

Thus, the present invention has been made with a 
view to eliminating various disadvantages inherent in 
the conventional range ?nding devices as mentioned in 
the foregoing. That is, the principal object of the inven 
tion is directed to provide an improvement in an image 
scanning, electrical double-image coincidence detection 
type range ?nding device, or more, speci?cally, a range 
?nding device of a type, in which two images of an 
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object to be formed by a range ?nding optical system 
with a relative positional parallax corresponding to the 
object distance are scanned to obtain image scanning 
signals relative to the two images, and then a quantity of 
this relative positional parallax in these two images are 
found from these image scanning signals, with which 
the object distance is found. 

It is therefore the primary object of the present inven 
tion to provide a novel range ?nding device which is 
perfectly free from all the inconveniences above 
described, has a suf?ciently guaranteed precision in the 
range finding operation, is capable of obtaining always 
reliable and accurate distance informations, is free from 
any difficulty at all in reduction into practice, and is 
capable of attaining always reliable and accurate focus 
detection or focus adjusting operation, even in case it is 
adopted in a semi-automatic or full automatic focus 
adjusting device in photographic cameras, and other 
optical apparatuses and appliances. 

It is another object of the present invention to pro 
vide a novel range ?nding device, in which a quantity of 
the relative positional parallax in two images is detected 
with high precision through an entirely new‘signal pro 
cessing method without relying on the phase discrimi 
nation method by a phase discrimination circuit as here 
tofore been practiced at the time of processing image 
scanning signals relative to the two images, thereby 
making it possible to obtain always reliable and accurate 
distance informations. 

It is still another object of the present invention to 
further improve the precision in the range finding oper 
ation by digitally processing the abovementioned image 
scanning signals. 

In order to attain these objects, the present invention 
proposes a new type of the range ?nding device, in 
which the image scanning signals relative to the two 
images are converted into digital values, after which 
these digital values are stored in ?rst and second storing 
means, then coincidence and non-coincidence in these 
digitalized image scanning signals as stored in these ?rst 
and second storing means are detected by coincidence 
detecting means, while one of the image scanning sig 
nals is caused to relatively shift bit by bit with respect to 
the other image scanning signal, and, at this time, a shift 
bit quantity, which is required until the image scanning 
signals on these two images may become optimally 
coincided, is counted, thereby ?nding out the object 
distance from the shift bit quantity as counted. 
The device of the present invention is such that one 

of the two images is made a reference image and the 
other image is made a comparative image to be com 
pared with the reference image. For this purpose, there 
is adopted such a method that a signal region to be dealt 
with relative to the reference image is made, for exam 
ple, three times as large as a signal region to be dealt 
with relative to the comparative image so as to detect 
which signal portion in a series of image scanning sig 
nals relative to the comparative image is optimally coin 
cided with the image scanning signal on the reference 
image. In practice, the method is such that, in the signal 
processing circuit, the abovementioned ?rst and second 
storing means have mutually different bit number con 
struction in correspondence to the signal regions to be 
dealt with relative to the reference image and the com 
parative image, wherein, from the standpoint of simpli 
?cation of the comparative circuit construction, a recir 
culation type ?rst shift register of a predetennined bit 
number construction is employed as the ?rst storing 
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6 
means for storing the digitalized image scanning signal 
relative to the reference image so as to enable bit-by-bit 
serial comparison between the contents stored in the 
?rst storing means and the contents stored in the second 
storing means, and a set of the ?rst shift register, a recir 
culation type second shift register of the same bit con 
struction, and a non-recirculation type third shift regis 
ter to store therein surplus signals, i.e., signals which 
cannot be stored in the second shift register are em 
ployed as the second storing means to store the digita 
lized image scanning signals on the comparative image, 
whereby, at the time of one recirculation of the stored 
contents in the ?rst and second shift registers, the coin 
cidence and non-coincidence of the contents are de 
tected bit by bit, and, at the termination of this one 
recirculation, the contents of the third shift register is 
moved to the second shift register by one bit, after 
which this recirculation and comparison are repeated 
again and again. This method is highly advantageous in 
shortening the time required for this serial comparison 
process, when a predetermined quantity of signals are 
serially compared bit by bit, while one of the image 
scanning signals to be compared (major signals) are 
being relatively shifted bit by bit with respect to the 
other signal (minor signals) to be the reference signals. 

Further, the device of the present invention does not 
adopt in sequentially carrying out comparison between 
the image scanning signals, a method, by which all the 
operations thereof are stopped at a time instant when 
the optimum coincidence numbers have been obtained 
up to that time but the entire image scanning signals on 
the comparative image are compared with the image 
scanning signals on the reference image continuously to 
the end, and, at every time the maximum coincidence 
numbers are obtained during this comparison, these 
maximum coincidence numbers and shift bit quantities 
at the time, when the maximum numbers were obtained, 
are stored, and at the termination of this comparison, 
the stored shift bit quantities are taken out and con 
verted into the distance informations. This method is 
highly advantageous in making it possible to know ex 
actly which portions of the image scanning signals on 
the two images coincide optimally. 

It is another object of the present invention to pro 
vide a new type of a system, to which particular and 
suf?cient considerations, have been given as to the se 
quential control so that each operating element can be 
accurately controlled with respect to a systematic con 
struction of the range finding device as a whole, and 
always accurate range ?nding operations can be carried 
out. 

It is still another object of the present invention to 
provide a new form of a scanning system which is capa 
ble of further improving precision in the range ?nding 
operations by successfully eliminating various disadvan 
tages such as increase in noise signals due to the use of 
the vibrating slit as has heretofore been done in scan 
ning the two images formed by the range ?nding optical 
system. 
To attain these objects, the present invention pro 

poses a construction, in which the vibrating optical 
means is provided in the range ?nding optical system, in 
particular, and, with this optical means, the two images 
are caused to move at the same cycle and same phase on 
the photo-electric elements, of which the effective light 
receiving surface is limited to a few tens of pin in width, 
whereby the image scanning signals on the two images 
may be obtained from the photo-electric elements. This 
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construction is very advantageous in that, in compari 
son with the case where the vibrating slits are adopted 
as has heretofore been done, it eliminates perfectly the 
problem of mal-effect due to the diffracted light, etc., 
and prevents mixing of the noise signals into the image 
scanning signals without failure to further improve the 
precision in the range finding operations. Also, since the 
photo-electric elements alone can be used as the photo 
electric light receiving means, the price of the device 
can be advantageously reduced to a considerable extent 
in comparison with the case where the photo-sensor 
arrays or image sensors are used. 
The foregoing objects, other objects, and the features 

of the present invention will become more apparent 
from the following detailed description thereof when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a schematic diagram of one embodiment of 

the range ?nding device according to the present inven 
tion; 
FIG. 2 is a time chart showing the principle of the 

operations of the device shown in FIG. 1; 
FIG. 3 is a perspective view of one concrete example 

of a position detector used in the device of FIG. 1; 
FIGS. 4, 4A and 4B are circuit diagrams showing one 

example of a signal processing circuit used in the device 
of FIG. 1; 
FIGS. 5 and 6 are respectively time charts showing 

the operations of the signal processing circuits of FIG. 
4, in which FIG. 5 shows the sampling sequence in 
particular, and FIG. 6 shows the processing sequence in 
particular; 
FIGS. 7A and 7B are schematic diagrams explaining 

the function of the signal processing circuit shown in 
FIG. 4; 
FIG. 8 is a circuit diagram showing a concrete con 

struction of the control circuit in the signal processing 
circuit shown in FIG. 4; 
FIG. 9 is a perspective view showing another con 

crete example of the position detector in the device 
shown in FIG. 9; 
FIG. 10 is a schematic construction diagram of an 

other embodiment of the range ?nding device accord 
ing to the present invention; 
FIG. 11 is a schematic construction diagram of still 

another embodiment of the range ?nding device ac 
cording to the present invention; 
FIG. 12 is a partial circuit construction diagram 

showing the only circuit portion which differs from the 
construction of the signal processing circuit in the de 
vice of FIG. 1, or more particularly, the circuit shown 
in FIG. 4; 
FIG. 13 is a schematic construction diagram of one 

example of the automatic focus adjusting system in 
photographic cameras and other like optical appara 
tuses and appliances; and 
FIG. 14 is a circuit construction diagram showing 

one concrete example of the servo-motor control circuit 
in the automatic focus adjusting system shown in FIG. 
13. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In the following, the present invention will be de 
scribed in speci?c detail with reference to the accompa 
nying drawings. 
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8 
Referring, ?rst to FIG. 1, one preferred embodiment 

of the range ?nding device according to the present 
invention will be explained for its general construction. 
The device shown in this ?gure of the drawing includes 
a ?rst optical system to form a reference image and a 
second optical system to form a comparative image, 
wherein the ?rst optical system consists of a ?rst mirror 
2, a ?rst oscillating mirror 8, and a ?rst optical lens 14, 
all being arranged in such a manner that the reference 
image may be formed on a plane containing a ?rst light 
receiving element 22, and the second optical system 
consists of a second mirror 4, a second oscillating mir 
ror 10, and a second optical lens 18, all being arranged 
in such a manner that a comparative image may be 
formed on a plane containing a second light receiving 
element 24. The ?rst and second oscillating mirrors 8 
and 10 are disposed, at a certain maintained angle a. (90 
degrees, for example), on an oscillating body 6 which 
oscillates in the direction of an arrow X-Y with a shaft 
12 as the center of its oscillation, so that it may be oscil 
lated in the same direction and same phase following the 
oscillation of the oscillating body 6. Also, each of the 
?rst and second light receiving elements 22 and 24 has 
a light receiving surface of a very limited width (for 
example, a few tens of pm or so) and extending in the 
direction parallel to the center shaft 12 for oscillation of 
the oscillating body 6 (the direction normal to the draw 
ing sheet). Accordingly, the reference image and the 
comparative image are substantially scanned by the 
light receiving elements 22 and 24, when the light re 
ceiving elements are moved in the direction substan 
tially perpendicular to the direction of their extension 
with the oscillation of the oscillating body 6, whereby 
the image surface luminance distribution of each image 
is produced as an output from each of the light receiv 
ing elements 22 and 24 in the form of time-series signals, 
i.e., time sequential signals (hereinafter referred to as 
“scanning signals”). 

Incidentally, the center optical axis 20 of the second 
optical system intersects at one point between the in? 
nitness and the proximity existing on the center optical 
axis 16 of the first optical system, and an adjustment is 
so made that, when an object exists at this intersection 
(hereinafter referred to as “a reference point”), there 
may be obtained scanning signals which can be re 
garded as being totally or substantially the same with 
the outputs from the ?rst and second light receiving 
elements 22 and 24 from the standpoint of time and the 
output level. By the way, the term “center optical axes 
16, 20 of the ?rst and second optical systems” means the 
extended optical axes of the optical axes 32, 34 of the 
?rst and second lenses 14, 18 through the mirrors 8, 2 
and the mirrors 10, 4, when the oscillating body 6 is at 
the center of its oscillation. 
A reference numeral 28 in FIG. 1 designates a posi 

tion detector to carry out detection of the oscillating 
position of the oscillating body 6, which generates a 
signal to be a reference or standard to recognize to 
which luminance signal from the positions of the refer 
ence image and the comparative image the output sig 
nals from the ?rst and second light receiving elements 
22, 24 belong, or, a reference signal to extract the lumi 
nance signal at a particular position of each image. 
A reference numeral 26 designates a signal processing 

circuit which receives the signal from the position de 
tector 28 and the output signals from the ?rst and sec 
ond light receiving elements 22, 24 as inputs, operates to 
determine to which direction and in what amount the 



4,135,815 
9 

output signal from the second light receiving element 24 
is de?ected with respect to the output signal from the 
?rst light receiving element 22, and applies this oper 
ated result to a display device 30 as a distance informa 
tion. 

In the following, explanations will be given of the 
operations of the device having the above-described 
construction, in reference to the signal waveform chart 
of FIG. 2. 

Referring to FIG. 2, the oscillating body 6 shows its 
oscillations in the X-Y direction as in (a). The oscilla 
tions maintain substantially constant cycles such that it 
moves in the Y direction during a period of time t1 to t;_, 
in the X direction during a period of time t; to t3, and in 
the Y direction during a period of time t3 to L4, and so 
on. Accordingly, the reference image and the compara 
tive image are subjected to scanning on their surfaces in 
both ways with the consequence that scanning signals 
as indicated by the waveforms in (h) and (i) are obtained 
from the light receiving elements 22 and 24. 

In this embodiment, the device is so constructed that 
one oscillatory cycle of the oscillating body 6 is made 
one operational cycle for the distance detection, and the 
scanning signals of both reference image and compara 
tive image are taken into the signal processing circuit 26 
during the period indicated in (b) of FIG. 2, i.e., the 
period, during which the oscillating body 6 is moving in 
the X direction, or more particularly during the T1 
period, and the scanning signals are processed during 
the remaining T2 period (as indicated in (c) of FIG. 2) to 
operate the distance to be found. 

Explaining now the basic principle of the range fmd 
ing according to this embodiment, the output scanning 
signals of the reference image and the comparative 
image are produced from the light receiving elements 
22 and 24 during the period when the oscillating body 6 
is moving toward the X direction, or more particularly, 
during T1 period. In this case, if the object for the range 
?nding is to a shorter distance side than the reference 
point, the scanning signals of the reference image are 
produced as output with an advanced phase to that of 
the comparative image, and if the object is to a longer 
distance side than the reference point, the scanning 
signals of the reference image are produced as output 
with a delayed phase to that of the comparative image, 
and if the object is on the reference point, both scanning 
signals are output with the same phase. Phase difference 
between both scanning signals corresponding to a dis 
tance deviation to the shorter distance side or longer 
distance side with respect to the reference point. Since 
this principle is the same as that of the range ?nding 
device of double image coincidence type in general, no 
further details will be given. 
The present embodiment is to obtain distance infor 

mations by carrying out phase comparison between 
both scanning signals with use of the scanning signal of 
the reference image to be extracted during the period 
T; shown in (g) of FIG. 2 and the scanning signal of the 
comparative image to be extracted during the period Tl 
shown in (f) of FIG. 2 with the time instant when the 
oscillating body 6 passes by the center of its oscillation 
as the substantial center for the comparison. Although 
to be described later, this distance information output is 
obtained by digitally operating with which signal por 
tion having what extent of phase lag the scanning signal 
extracted during the period T3 may coincide. 

Also, to be described later, the position detector 28 is 
so constructed that a pulse output as shown in (d) of 

20 

35 

40 

45 

55 

60 

65 

10 
FIG. 2 may be obtained at the time instant when the 
oscillating body 6 has turned to the extreme end in the 
Y direction, and that a pulse output as shown in (e) of 
FIG. 2 may be obtained at an oscillatory phase position 
of the oscillating body 6 corresponding to the time 
instant when the period T; commences. It should be 
noted here that the period T; is governed in its com 
mencing timing by the pulse shown in (e) of FIG. 2, and 
the period T3 is governed in its commencing timing by 
a time instant which has lapsed for a certain de?nite 
time from the pulse in (e). Incidentally, although the 
pulses a and b in (e) of FIG. 2 are produced as the 
outputs at the same oscillatory phase position of the 
oscillating body 6 when it oscillates in the X direction 
and in the Y direction, respectively, the pulse in (d) of 
FIG. 2 is used as the signal for extracting the pulse b 
alone during the oscillation of the body 6 in the X direc 
tion. Moreover, the time control of the periods T1 and 
T3 is all done by calculating a clock pulse of a certain 
de?nite cycle as shown in (i) of FIG. 2 from the com 
mencing time instant of the period T1, i.e., after the 
output pulse b in (e) of FIG. 2 has been produced. On 
the other hand, however, this clock pulse may also be 
used as a sampling pulse for extracting the reference 
image and the comparative image. 

Referring now to FIG. 3, a concrete construction of 
the abovementioned position detector 28 will be ex 
plained. The position detector in this embodiment com 
prises a semicircular thin plate 32 of ferromagnetic ma 
terial which rotates in accompaniment with the oscillat 
ing body 6 with the rotational shaft 12 of the oscillating 
body 6 as its center of rotation, and a detecting part 36 
which detects a notched portion 34 formed on the outer 
peripheral part of the thin plate 32. The detecting part 
36 comprises a U-shaped member of a ferromagnetic 
material having an exciting winding 38 and a detecting 
winding 40 wound therearound. The detecting part is 
disposed in such a manner that this plate 32 may be 
positioned between the two forks of the U-shaped mem 
ber, and is magnetized by electric conduction from a 
direct current power source 42 to the exciting winding 
38. In this construction, if the notched portion 34 
formed on the outer peripheral part of the thin plate 32 
and the detecting part 36 do not meet each other, while 
the oscillating body 6 is oscillating in the X-Y direc 
tions, no change occurs in the magnetic ?eld the detect 
ing part 36 forms. However, at a moment when this 
notched portion 34 passes through the detecting part 36, 
there takes place instantaneous change in the magnetic 
?eld, and an electric current flows from the detecting 
winding 40 through a capacitor 44. This current is taken 
into the signal processing circuit 26 and converted to 
the position detecting signals as shown in (d) and (e) of 
FIG. 2 for use in the position detection. 

In the construction shown in FIG. 3, a single detect 
ing part 36 is illustrated. Actually, however, a plurality 
of detecting parts may be provided in correspondence 
to required numbers of position detecting signals so as 
to obtain signals as shown in (d) and (e) of FIG. 2 at the 
respective positions where the oscillating body 6-is at 
the maximum oscillating position in the Y direction, 
where the period T] commences, and where the body is 
at the oscillating center phase position, and so forth. 

Referring to FIG. 4, one embodiment of the signal 
processing circuit in the abovementioned range ?nding 
device will be explained. In the drawing, a reference 
numeral 46 designates an ampli?er for amplifying an 
output signal from the ?rst light receiving element 22, a 



4,135,815 
11 

reference numeral 48 indicates an ampli?er for amplify 
ing an output signal from the second light receiving 
element 24, a numeral 50 a comparator for converting 
an output signal from the ampli?er 46 into a two-value 
signal, 52 designates a comparator for converting an 
output signal from the ampli?er 48 into a two-value 
signal, 54 refers to a recirculation type ?rst shift register 
which is capable of taking thereinto an output from the 
comparator 50 through an “AND” gate 56 and an 
“OR” gate 58, and of recirculating the content of the 
signal as taken in through an “AND” gate 60 and an 
“OR” gate 58, a numeral 62 refers to a recirculation 
type second shift register which is capable of taking 
thereinto an output from the comparator 52 through an 
auxiliary shift register 64, an “AND” gate 66, and an 
“OR” gate 68, and of recirculating the content of the 
signal as taken thereinto through an “AND” gate 70 
and the “OR” gate 68, a reference numeral 72 desig 
nates an exclusive “NOR” gate which produces an 
output signal “1” when the outputs from both ?rst and 
second shift registers 54 and 62 become coincided, and 
produces an output signal “0” when both outputs are 
not coincided, a numeral 74 refers to an “AND” gate 
which receives a clock pulse same as the clock input 
from the ?rst shift register 54 and an output from the 
exclusive “NOR” gate 72, and which produces a pulse 
output, only when an output from the exclusive “NOR” 
gate 72 is “1,” a numeral 76 refers to a counter which 
counts an output pulse from the “AND” gate 74 by 
introducing as an input the output pulse from the 
“AND” gate 74 through a count terminal C, a reference 
numeral 78 designates a latching circuit to latch an 
output from the counter 76, a numeral 80 designates a 
digital comparison circuit which compares the content 
of the counter 76 and the content of the latching circuit 
78, and produces an output signal through a terminal S 
when the content of the counter 76 is greater than the 
content of the latching circuit 78, a reference numeral 
82 designates a control circuit which produces various 
output timing pulses and control signals so as to perform 
the overall sequence control, a numeral 84 denotes an 
“AND” gate which refers to an output from the di 'tal 
comparison circuit 80 by a signal from a terminal in 
the control circuit 82, a numeral 86 indicates a counter 
which receives an output pulse from a terminal the 
control circuit 82 at its terminal C, and counts the pulse, 
a numeral 88 designates a decoder which produces an 
output signal “1” when the content of the counter 86 
reaches a certain de?nite value and imparts this value to 
a terminal {I in the control circuit 82, a reference nu 
meral 90 designates a latching circuit to latch the con 
tent of the counter 86 on the basis of a signal from the 
“AND” gate 84, a reference numeral 92 indicates a 
reference table circuit which converts the content of 
the latching circuit 90 into a distance information, a 
numeral 94 refers to a ?rst peak hold circuit which 
samples and holds the maximum output value from the 
ampli?er 46, a numeral 96 refers to a second peak hold 
circuit which samples and holds the minimum output 
value from the ampli?er 46, a numeral 98 designates an 
operational circuit which operates a sum of the outputs 
from the ?rst and second peak hold circuits 94 and 96, 
and produces an output of half a level, and a numeral 
100 refers to a sample and hold circuit which samples 
and holds an output from the operational circuit 98. 

In the abovementioned construction, the shift register 
54 is for taking thereinto the reference image in the form 
of a two-value, and the shift registers 62 and 64 are 
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combined into a single shift register as a whole which 
serves for taking thereinto the comparative image in the 
form of a two-value. The counter 76 is one which 
counts out for how many bits the contents of the shift 
registers 54 and 62 have become coincided during one 
recirculation of these shift registers. Also, digital com 
parison circuit80 and the latching circuit 78 are pro 
vided for taking thereinto the maximum value from the 
counter 76. The ?rst and second peak hold circuits 94 
and 96, the operational circuit 98, and the sample and 
hold circuit 100 are for establishing a slice level, 
wherein a mean value of the maximum output value and 
the minimum output value of the ?rst light receiving 
element 22 to be obtained during the period T; which 
recurs at every oscillatory cycle of the oscillating body 
6 is operated so as to make this mean value a slice level 
at the time of converting the outputs from the ?rst and 
second light receiving elements 22 and 24 into two 
value signals. 

In such construction, there are two major operating 
periods, as already mentioned in the foregoing, i.e., the 
sampling period as denoted by T1 and the processing 
period as denoted by T2 in FIG. 2. In both sampling 
period T1 and the processing period T3, as the cycle of 
the clock pulse imparted from the control circuit 82 to 
each of the shift registers 54, 62, and 64 is considerably 
different, which makes it dif?cult to represent this cycle 
on the same time chart, so that the operations in the 
sampling period T1 are represented in the time chart of 
FIG. 5, and the operations in the processing period T; 
are represented in the time chart of FIG. 6. 
To a terminal®of the control circuit 82, the pulse in 

(d) of FIG. 2 is imparted, and to a te ' ereof, the 
pulse in (e) of FIG. 2 is imparted. On the other hand, 
clock pulses to the shift registers 64, 62, and '54 respec 
tively are sent out from terminals and®of the 
control circuit 82, gate control signals to the “AND” 
gates 70, 60, 66, and 56, respectively are sent out from 
terminal and@) a reference signal to the “AND” 
gate 84 which refers to the S terminal output of the 
digital comparison circuit 80 is sent out from terminal 
(19, a reset signal to a reset terminal R of the counter 76 
is sent out from a terminal ®, a counte pulse to a count 
terminal C of the counter 86 is sent out from a terminal 
@, a reset signal to each of the reset terminals R of the 
counter 86 and the latching circuit 78 is sent out from a 
terminal Q}, a pulse signal same as the out ut pulse from 
the termina@is sent out from a terminal only during 
the processing period T2, and control signals to the ?rst 
and second peak hold circuits 94 and 96 and the sample 
and hold circuit 100 are sent out from terminals 
and Q The input and output timings at each of the 
terminals are as shown in FIGS. 5 and 6. In order to 
perform such timing controls, the control circuit 82 
should be composed of an oscillation circuit, a counter, 
a frequency dividing circuit, gates, and so on, the details 
of which will be described at a later paragraph. 

In this embodiment, it should be understood that 384 
times of sampling operations are conducted during the 
period T1 shown in FIG. 2, i.e., the sampling time of the 
comparative image so as to obtain 384 luminance distri 
bution signals, and, at the same time, 128 times of sam 
pling operations are conducted during the period T3, 
i.e., the sampling time of the reference image'so as to 
obtain 128 luminance distribution signals. It goes with 
out saying that this period T] is three times as long as 
the period T3, at which time the period T3 is made to be 
just at an intermediate position of the period T1. 






















